Histoplasmin was originally defined by Zarafonetis and Lindberg (1941) as "the antigenic substance or substances of Histoplasma capsulatum" Darling. The term, however, is now used generally to indicate the filtrate derived from the growth of the mycelial phase of Histoplasma in a liquid synthetic medium and capable of producting a positive skin reaction in sensitized animals and man. The histoplasmin that was prepared by Zarafonetis and Lindberg and that produced cutaneous reactions in experimentally infected rabbits was a filtrate from a 7 weeks' growth of the mycelial phase in Williams' synthetic medium (Williams and Saunders, 1934) . Van Pernis, Benson, and Holinger (1941) used a filtrate from about 1 month's growth of the mycelial phase in a glucose broth and obtained cutaneous reactions in an infected human patient and in experimentally infected mice. Emmons, Olson, and Eldridge (1945) reported the preparation of histoplasmin in the synthetic broth medium used by Smith (1943) for the preparation of coccidioidin. The particular lot of histoplasmin used most extensively by Emmons et al. (1945) and by Palmer (1945) was grown in a dark cupboard at room temperature for 7 months. A similar preparation was used by Christie and Peterson (1945) in their studies on histoplasmosis.
Although histoplasmin has been used extensively for intradermal testing, little is known about the process by which the antigen is produced and what factors are most influential in its formation. Accordingly, a study was initiated to determine what factors play important roles in the development of histoplasmin. This paper reports experiments on the influence of the environment and of nutritive substances in the medium on the formation of histoplasmin.
MATERIALS AND METHODS
The nine strains of H. capsulatum used in this study were obtained from the collection matintained in this laboratory. The stock cultures were kept on Sabouraud's glucose agar at room temperature.
The asparagine glucose medium (Smith, 1943) with which experiments were started had the following composition:
This medium was dispensed usuallyin 250-ml Erlenmeyer flasks in 100-ml amounts and inoculated with a small piece of mycelium from a Sabouraud agar slant. The cultures were incubated at room temperature for varying lengths of time, at the end of which periods the broth was decanted and filtered through a Mandler filter.
The antigenic potency of the sterile ifitrate was determined by one or both of two different methods: (a) the complement-fixation test was conducted (Salvin, 1947b ) with sera from rabbits hyperimmunized with cells of the yeastlike phase (Salvin and Hottle, 1948) and from rabbits hyperimmunized with a suspension of ground mycelium and histoplasmin; (b) the intradermal tests in rabbits and guinea pigs were conducted as described by Emmons et al. (1945) .
In the early phases of the work, the antisera used in the complement-fixation tests were obtained from rabbits hyperimmunized with histoplasmin and formalized ground mycelium. Later, however, when large quantities of the yeastlike phase became available (Salvin, 1947a) , rabbits were similarly hyperimmunized with formalized yeastlike cells. Antigens assayed with antisera obtained from the latter consistently showed higher complement-fixing titers, although four units of each serum were used in all cases. Relatively low titers of the filtrate from the asparagine glucose medium (1:64 to 1:512) appeared with serum from the rabbits immunized with histoplasmin and ground mycelium; the high titers (1:4,000 to 1:16,000) with serum from the rabbits imunized with the yeastlike phase. The explanation for this phenomenon is not known.
EXPERIMENTS AND RESULTS
Relationhip between skin-test activity and complement-fixation antigenicity. In order to learn whether the power of histoplasmin to produce a skin reaction was related to its power to fix complement in the presence of immrune serum, tests were conducted on different lots of histoplasmin. As shown in table 1, those ifitrates that did not induce skin reactions in guinea pigs did not fix complement in the presence of immune serum; those that induced only weak skin reactions had low complement-fixation powers; and those that produced good skin reactions displayed high binding power in complement-fixation tests. When this parallelism between the two tests was shown to exist and since the complement-fixation test was capable of being more accurately controlled than the skin test, complement fixation was chosen as the method for evaluating the activity of the culture filtrates in this study.
Biochemical changes in asparagine glucose medium during growth of H. capsulatum. Strain 6510 of H. capsulatum was grown in 100-ml quantities of the asparagine glucose medium in a series of 250-ml flasks in the dark at room temperature. At intervals the series was sampled by filtering the contents of individual flasks, and the sterile filtrate was assayed with regard to (a) hydrogen ion concentration, (b) concentration of reducing sugars, (c) total nitrogen content, and (d) complement-fixing power (figure 1).
During the first two weeks no significant change was noted in any of the four factors under study. However showed an abrupt drop from about 9.6 mg per ml to 0.4 mg per ml, although all the sugars were not utilized until the forty-fifth day after inoculation. The total nitrogen did not change significantly until 4 weeks after inoculation, at which time there was a gradual decrease, which continued for the next 2 weeks. The quantity of nitrogen in the medium thereafter remained the same, namely, about two-thirds of its original value.
Influence of carbohydrates on histoplasmin formation. Studies were made of the growth of strain 6510 in 100-ml quantities of the asparagine medium containing 1 per cent of one of 27 different carbohydrates in addition to the glycerol already in the basal medium (table 2). The highest titers (1: 64,000 and 1:128,-000) after 9 weeks of growth were observed in the media containing cellobiose, Galactose, inulin, lactose, maltose, mannitol, raffinose, sucrose, and trehalose produced titers approximately the same as those of glucose. Adonitol, dulcitol, erythritol, inositol, mannose, melezitose, melibiose, rhamnose, and sorbitol produced titers perceptibly lower than those of glucose. Arabinose, levulose, salicin, and xylose produced no titers during the first 9 weeks of growth.
* The serum used in determining these complement-fixation titers was obtained from rabbits hyperimmunized with formalin-killed cells of the yeastlike phase. dextrin, glycogen, or starch. These four carbohydrates also were among those that supported development of the antigens as early as 4 weeks after inoculation. The values obtained after 9 weeks' growth in the media with the four aforementioned carbohydrates were considerably higher than those in the medium without any carbohydrate, and significantly higher than those in the medium with glucose. In all carbohydrate media in which good mycelial growth was evident, the antigenic titer was equal to or greater than that of the medium without sugar.
Optimal environmental conditions for histoplasmin formation. The asparagine glucose medium was inoculated with the mycelium of strain 6510 and exposed to differences in hydrogen ion concentration, light, temperature, surface-volume ratio, and depth of growth. Of these factors, optimal conditions for the production of histoplasmin involved the use of a medium at an initial pH of 7.0 to 8.0, with a surface-volume ratio as near unity as feasible, and at a temperature of incubation of about 25 C. The degree of light and the depth of growth seemed to have no measurable influence on the production of histoplasmin.
Strain variations in histoplasmin formation. When eight strains of H. capsulatum were compared for histoplasmin production, seven of the eight formed the antigen at about the same rate and in the same amount by the end of the growth period, i.e., about 2 months. One strain grew more slowly than the others and was correspondingly slow in its production of histoplasmin.
DISCUSSION
Although skin testing has been used in the past for determining the activity of histoplasmin, the complement-fixation technique was employed in this study. That the complement-fixation test is valid for this purpose was demonstrated by preliminary parallel tests of activity of histoplasmin used as a skin-testing and as a complement-fixation antigen. In fact, the complement-fixation test is believed to be more satisfactory for assaying antigens, because (1) the reagents are standardized for each test and can be accurately measured, (2) animal variations are eliminated, and (3) large numbers of titrations can be conveniently made.
The complement-fixation test has made possible the study of histoplasmin formation during the growth of the mycelium. Thus, the age of the broth filtrate was found to be important, since its titer varied from zero at 3 weeks to a maximum at 7 to 8 weeks. Simultaneously with the appearance of histoplasmin, several changes in the medium were noted, namely, a sharp rise in pH, a marked and rapid decrease in reducing sugars, and a gradual decrease in total nitrogen in solution. A possible interpretation of these phenomena is that as the mycelium grows nitrogen is removed from the broth to form protoplasm and the glucose is converted to a nonreducing substance, which processes are accompanied by an increase in alkalinity due to ammonia formation. By the end of the growth period (2 months after inoculation), weights of dry mycelium as high as 800 mg per 100 ml of culture medium have been found (Salvin and Hottle, 1947) .
When the standard asparagine medium was altered by substituting various carbohydrates for the glucose, a remarkable difference in the titers of the broth filtrates was noted, varying from 0 to 1:128,000 after 9 weeks of growth. Of interest is the fact that the highest titers were obtained in media in which the carbohydrate was a polymer of glucose and, with the exception of cellobiose (a disaccharide), a polyhexose.
Since the production of histoplasmin varies so greatly under different conditions of growth, each preparation for either skin testing, complement fixation, or precipitin testing should be carefully assayed before use. In this way, observations with different lots of histoplasmin may be more readily compared and evaluated.
SUMMARY
A complement-fixation test was used to evaluate the effect of environmental and nutritive factors on the formation of histoplasmin by the mycelium of Histoplasma capsulatum Darling.
A maximum yield of histoplasmin in a glucose asparagine medium was obtained after 8 to 10 weeks of growth at room temperature. The appearance of histo-1948] 
